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我们首先利用 MTT，划线和 Transwell 等方法检测了 Slit2 对肝癌细胞 QGY-TR50 增殖和




过表达可显著减少 QGY-TR50 细胞促血管形成的因子如 VEGF,FGF2 和 angiopoietin 的表达。
尾静脉注射肺转移的实验结果也证实，与对照相比，Slit2 过表达的细胞在肺部形成转移灶的
能力显著降低。为了进一步研究 Slit2 抑制 QGY-TR50 细胞侵袭转移的作用机制，我们检测了
Slit2 过表达对 MMPs、TIMP、E-cadherin、Slug、Snail 的影响，结果显示 Slit2 显著抑制了
MMP-2,MMP-9 和 Slug 的表达，MMP-2 和 MMP-9 在酶活性水平也显著降低；而 E-cadherin，
TIMP-1以及 TIMP-2的表达则显著增加。P38 MAPK抑制剂 SB203580 可显著抑制QGY-TR50 
细胞中 MMP-2 和 MMP-9 的表达，而 Slit2 过表达可以显著抑制 p38 的磷酸化，说明 Slit2 对


















细胞的增殖，而 Slit2 过表达可抑制 Netrin1 的表达。CO-IP 结果显示，Slit2 可与 Netrin1 结合，
并显著降低培养基中游离 Netrin1 的含量，而添加外源 netrin1 蛋白可拮抗 Slit2 过表达对
QGY-TR50 细胞增殖和侵袭能力的抑制作用。 
根据上述结果，我们推测 Slit2 对 QGY-TR50 细胞增殖和侵袭转移的抑制作用可能不依







































The coordinating roles of different axon guidance factors are common during nervous system 
development, which ensures the correct positioning of axons. Slit2 / Robo1 signaling pathway 
repels dorsal axons away from the midline while Netrin-DCC Signaling pathway attracts dorsal 
axons to this region. Many axon guidance factors also play important roles outside the nervous 
system, they can regulate vascular and lymphatic system development, and they have an important 
influence on the development and transfer of tumor. In recent years, studies showed Slit2/Robo1 
and Netrin1/DCC signaling pathway played an important role in the tumor progression. We have 
known Slit2 / Robo1 signaling pathways and Netrin1/DCC signal pathway can regulate nervous 
system development, but weather this regulation also existed in tumor tissue and the mechanisms of 
it on the invasion and adhesion of tumorcells are still unknown.  
Liver cancer is a malignant tumor with the highest incidence and death rate among people 
under the age of 60. The expression of Netrin1 is high in HCC（Hepatocellular Carcinoma cell）, and 
it can promote the proliferation and metastasis of HCC. Reports about the function of Slit2 in liver 
cancer are relatively less. Our study aimed to detect the impacts and mechanisms of Slit2 on the 
progression of HCC and its interaction with Netrin1. 
We examine the impacts of Slit2 on proliferation, migration and invasion of HCC QGY-TR50 
by MTT, Wound healing and Transwell, results showed that Slit2 over-expression significantly 
inhibited proliferation, mingration and invision in vitro; in vivo, Slit2 over-expression cell line 
formed a smaller tumor. Further researches showed that Slit2 inhibited the mingration and invision 
of HUVECs (Human Umbilical Vein Endothelial Cells), and the expressions of angiogenesis 
promoters like VEGF, FGF2 and angiopoietin were reduced. Rat tail intravenous 
injection experiment revealed that Slit2 over-expression cell line had a weaker metastasis ability 
compared with the control. In order to detect the mechanisms of Slit2 inhibiting invasion and 
metastasis of QGY-TR50 cell line, we detect the impcts of Slit2 on MMPs, TIMP, E-cadherin, Slug 
expressions. Results showed that Slit2 improved the expression of TIMP-1, TIMP-2 and E-cadherin 
















MMP-9 enzyme activities were also significantly reduced. SB203580, the inhibitor of p38 MAPK, 
can inhibit MMP-2 and MMP-9 expressions, and Slit2 over-expression inhibited phosphorylation of 
P38, so we made the conclusion that Slit2 over-expression inhibited proliferation, mingration and 
invision through p38 signaling pathway.  
Notebly, Robo1 expression reducedafter Slit2 over-expression suggested that the function of 
Slit2 on QGY-TR50 did not depend on Robo1. Netrin1 could promote the proliferation of 
QGY-TR50, and Netrin1 expression reduced after Slit2 over-expression. CO-IP result showed that 
Slit2 bound to Netrin1 derectly and reduced dissociative Netrin1 contents in the medium. 
Exogenous Netrin1 protein rescued the inhibiton of Slit2 on QGY-TR50 proliferation, mingration 
and invision. 
Above all, we made the conclusion that the impacts of Slit2 on proliferation, mingration and 
invision did not depend on Robo1. Slit2 blocked promoting effect of Netrin1 by combining to it 
derectly, thus inhibited proliferation, mingration and invision of QGY-TR50. 





























1.1 配体 Slits 与受体 Robos 分子的表达和结构 
1.1.1 配体 Slits 的表达和结构 
Slits是一种分泌型细胞外基质蛋白，它在许多类型的细胞和组织中均有表达。































Slit 因子是一种相对分子质量约200 000 的分泌型糖蛋白，它主要是由五个
区域组成：1个N-末端信号肽(ss)、1个ALPS (Agrin-Laminin-Perlecan-Slit)结构域、
1个C-末端富含半胱氨酸序列(cystein knot)、4个亮氨酸富集区(LRRs，D1-D4)和







slit 基因在不同物种中相当保守，人类的 Slit 包含 9 个 EGF 样序列，果蝇
Slit包含 7个 EGF样序列，脊椎动物 Slit与线虫 Slit的序列同源性为 39%~41%，
脊椎动 Slit 与果蝇 Slit 的序列同源性为 41%~44%，线虫 Slit 与果蝇 Slit 的序列


















图 1.1 Slits 结构示意图 
Figure 1.1 Structural representation of Slits 
Slit 家族成员的结构。所有已鉴定的 Slit 蛋白均包含信号肽(ss)、一个保守的 ALPS 
(Agrin-Laminin-Perlecan-Slit)结构域、1 个 C-末端富含半胱氨酸序列(cystein knot)、4 个亮氨
酸富集区(LRRs，D1-D4)和表皮生长因子(epidermal growth factor, EGF) 样重复序列。果蝇
和线虫的 Slit 都包含 7-10 个 EGF 样重复序列。所有哺乳动物的 Slit 蛋白都有高度的序列同
源性，脊椎动物 Slit 与线虫 Slit 的序列同源性为 39%~41%，脊椎动 Slit 与果蝇 Slit 的序列
同源性为 41%~44%，线虫 Slit 与果蝇 Slit 的序列同源性为 41%。 



















































引自Mimmi S. Ballard and Lindsay Hinck. A Roundabout Way to Cancer. (2012) [48] 
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